Objective. To determine the role of human papillomavirus (HPV) status on quality of life (QOL) in patients with oral cavity and oropharyngeal squamous cell carcinoma (OSCC). Since OSCC that are associated with high-risk HPV have an improved response to treatment and survival, we hypothesized that patients with these tumors would have better QOL trajectories.
H ead and neck squamous cell carcinomas (HNSCC) that are associated with high-risk human papillomavirus (HPV) have an improved response to treatment and survival. 1 No prior studies have assessed the relationship between HPV status and quality of life (QOL) in patients with HNSCC. Given the increasing incidence of HPV-associated HNSCC, 2 studying the factors that influence QOL will become more important, as these patients are younger and more likely to survive than patients with HNSCC unrelated to HPV. Understanding the relationship between HPV status and QOL could help clinicians tailor therapy and clinical management of HNSCC patients to optimize both survival and QOL. The goal of this study was to determine the role of HPV status on QOL in patients with oral cavity and oropharyngeal squamous cell carcinoma (OSCC). Since HPV is associated with an improved response to treatment and survival, we hypothesized that patients with high-risk HPV-associated OSCC would have better QOL trajectories.
Methods

Study Population
Patients were eligible if they were diagnosed with a first, previously untreated primary OSCC and underwent biopsy or surgical resection between December 2003 and June 2010, as previously described. Briefly, all patients were recruited from the University of Washington Medical Center, a tertiary care academic medical center, and from 2 affiliated hospitals in Seattle, Washington (Harborview Medical Center and Puget Sound Veterans Affairs Health Care System). There were 313 patients who both met inclusion criteria and provided written informed consent. Of these, 4 had in situ tumors and were excluded from the study. Tumor specimens from 296 of the remaining patients were available and tested for the presence and type of HPV DNA (see below). In all but 2 patients, HPV status was determined, leaving 294 patients with invasive OSCC and known HPV status. Of these, there were 240 patients without missing demographic or cancer data and for whom the date treatment started could be determined. The study was approved by the institutional review boards of the respective institutions.
A structured questionnaire and a data abstraction form were used to determine demographic information, comorbidity, QOL, substance use history, tumor characteristics, and treatments for each patient. Race was one of the demographic variables assessed since it has been associated with differences in stage, 3 HPV status, 4 survival, 3, 4 and healthrelated QOL. 5 Participants could choose their own race from a list of choices, with the option to choose more than one race category and to write in their own race. 6 For this study, subjects' race was classified as either white or nonwhite. Comorbidity was assessed using the Adult Comorbidity Scale-27 (ACE-27), a validated comorbidity index for patients with cancer. 7 Patients were categorized at never, former, or current smokers. Patients' alcohol consumption was determined, and they were categorized as never drinkers, former drinkers, current drinkers drinking 0 to 14 drinks per week, or current drinkers drinking more than 14 drinks per week.
HPV Detection
Tumor tissue was obtained from patients at the time of surgical resection or diagnostic biopsy (prior to chemotherapy or radiation therapy). HPV DNA status was determined blind to patient characteristics and after patients had received treatment for their primary tumor and thus was not used to guide clinical management. Tissue preservation, DNA extraction, HPV DNA detection, and HPV subtype determination were performed as previously described. 8 Briefly, HPV positivity was determined by nested polymerase chain reaction. In all HPV-positive samples and a subset of negative samples, HPV subtype was determined using a LINEAR ARRAY HPV Genotyping Test (Roche, Indianapolis, IN) under a research-use-only agreement. Specimens were classified as HPV-negative, low-risk HPV (HPV-6, -11, -26, -33, -35, -39, -40, -42, -53, -54, -55, -61, -62, -64, -67, -69, -70, -71, -72, -81, -83, -84, IS39, and CP6108) or high-risk HPV (HPV-16, -18, -31, -33, -35, -39, -45, -51, -52, -56, -58, -59, and -68).
QOL Assessment
QOL was assessed before and after treatment using the University of Washington Quality of Life (UW-QOL) version 4, a validated head and neck cancer-specific healthrelated QOL questionnaire. 9 It consists of 12 domain items, 3 global items, and a rating of the most important domains as perceived by the patient. Responses for each of the 12 domains were converted to a numerical score between 0 and 100, with 100 representing the best possible response. An overall QOL score was determined using the mean average of all the domain scores. A 7-point difference in the overall UW-QOL score has been established as representing the minimal clinically important difference. 10 The QOL scores were categorized into 3 time periods relative to the date treatment was started: pretreatment (scores from questionnaires administered before treatment), immediate posttreatment (scores from questionnaires administered 3-8 months after treatment started), and 1-year posttreatment (scores from questionnaires administered 9-15 months after treatment started). One-year posttreatment QOL has been shown to be a marker of longer-term QOL. 11 If a patient had multiple QOL questionnaires within 1 of these 3 periods, the QOL scores were averaged. The change in QOL scores from pretreatment to immediate posttreatment and the change from pretreatment to 1-year posttreatment were determined for each patient. The change in QOL was calculated by determining the difference in QOL scores between the 2 time points of interest; the possible range of values for change in QOL was -100 to 100.
Pretreatment QOL data were available for 209 of the patients in the study; some patients completed QOL questionnaires soon after treatment started, and these QOL scores were not used to determine pretreatment QOL. There were 209 patients alive 8 months after treatment started; attempts were made to contact 111 of them between 3 and 8 months. Of these patients, 84 could be contacted and completed QOL questionnaires. Five additional patients completed QOL questionnaires between 3 and 8 months but had died by the end of 8 months. There were 182 patients alive 15 months after treatment started; attempts were made to contact 114 of them between 9 and 15 months. Of these patients, 83 could be contacted and completed QOL questionnaires. One additional patient completed a QOL questionnaire between 9 and 15 months but had died by the end of 15 months. Therefore, immediate posttreatment and 1year posttreatment data were available for 89 and 84 patients, respectively.
For 12 and 2 patients, we could not confirm that the baseline and 1-year posttreatment QOL data, respectively, had been collected according to the study protocol, and the corresponding data for these individuals were excluded, leaving 228 subjects in the study. The proportion of HPVpositive patients with QOL data was similar during each of the 3 time periods used for this study (Appendix A, available at otojournal.org).
Statistical Analysis
QOL was compared between groups using Mann-Whitney and Kruskal-Wallis tests. In cases in which the Kruskal-Wallis test indicated statistically significant differences, a test of trend was also performed. Linear regression models were generated for the multivariable analysis. This included models that controlled for age, sex, tumor site, stage, comorbidity, cigarette smoking, alcohol consumption, and treatment; prediction models that used stepwise modeling to pick covariates were also generated. Only the former models are presented, but both types of models had similar results. All P values were calculated using 2-sided hypotheses, and the threshold for statistical significance was set at P \ .05. All statistical analyses were conducted using STATA 11.1 Intercooled (StataCorp, College Station, TX).
Results
There were 158 patients with HPV-negative tumors, 4 with low-risk HPV-associated tumors, and 66 with high-risk HPV-associated tumors. Tumors were categorized for analyses as either (1) HPV-negative or low-risk HPV or (2) high-risk HPV. (The results below did not vary when patients with low-risk HPV-associated tumors were excluded.) Patient characteristics, tumor data, and treatment were compared between these 2 groups ( Table 1) . High-risk-associated tumors were more likely to occur in males, to be located in the oropharynx, to have nodal metastases, and to be treated with multimodality therapy.
Univariate associations between patient/tumor characteristics and QOL scores were determined ( Table 2 ). The characteristics associated with pretreatment QOL were T stage, N stage, and cigarette smoking status. Multimodality therapy, chemotherapy, and radiation therapy were associated with change in QOL scores from pretreatment to 1year posttreatment.
Overall (composite) QOL scores were calculated and compared by HPV status using univariate methods ( Figure 1 ). Pretreatment QOL scores were significantly higher in patients with high-risk HPV-associated OSCC compared with patients with HPV-negative or low-riskassociated OSCC (86 vs 79, P = .015). Immediate posttreatment QOL scores were lower in patients with highrisk HPV-associated OSCC (63 vs 73, P = .062). QOL scores between the high-risk HPV and HPV-negative or low-risk HPV-associated OSCC groups were similar 1-year posttreatment (75 vs 77, P = .733).
Patients with high-risk HPV tumors experienced a significantly larger decrease in their QOL scores from pretreatment to immediate posttreatment compared with the HPV-negative or low-risk HPV-associated group (-18 vs -6, P = .041). The change in QOL scores from pretreatment to 1-year posttreatment was similar between the high-risk HPV group and the HPV-negative or low-risk HPV group (-1 vs -3, P = .556).
The covariates used in the multivariable analysis (Table 3) were age, sex, race, tumor site, HPV status, T stage, N stage, comorbidity, cigarette smoking, and alcohol consumption. The 3 treatment modalities were included as covariates in the models in which change in QOL was the outcome. HPV status was associated with pretreatment QOL (regression coefficient 4.61, P = .117) and change in QOL from pretreatment to immediate posttreatment (regression coefficient -4.54, P = .275).
Discussion
Changes in the patterns of HNSCC over the past 3 decades suggest an increasing incidence of HPV-associated cancers as opposed to those related to alcohol and tobacco. 2, 12 Patients with high-risk HPV-associated oropharyngeal cancer have higher rates of survival, which has been hypothesized to be at least partially due to an increased responsiveness to radiation therapy. 1, 13 Given the improved survival in patients with HPV-associated OSCC, our a priori hypothesis was that patients with high-risk HPV tumors would have better QOL trajectories. Surprisingly, we did not find a difference in 1-year posttreatment QOL or change in QOL from pretreatment to 1-year posttreatment by HPV status. However, we found that patients with high-risk HPV tumors had higher pretreatment QOL and a greater decrease in QOL from pretreatment to immediate posttreatment.
Because the current study included patients with both oral cavity and oropharyngeal cancer, we controlled for tumor site in the multivariable analysis. The association between highrisk HPV and higher pretreatment QOL as well as the association between high-risk HPV and greater change in QOL did not remain significant after controlling for tumor site and other covariates, although a strong trend remained apparent. One possible reason that the former association showed a trend but did not remain significant in the multivariable analysis is the limited sample size. Also, patients with high-risk HPV-associated OSCC were more likely than patients with HPV-negative or low-risk HPV-associated OSCC to have oropharyngeal tumors and advanced nodal disease. They were also more likely to be treated with chemotherapy, radiotherapy, and multimodality therapy. Each of these factors was also associated with a larger decrease in QOL from pretreatment to 1-year posttreatment, which could explain why there was a statistically significant association between highrisk HPV status and worse QOL trajectories in the unadjusted analysis but not in the adjusted analysis.
The finding that patients with high-risk HPV tumors experience a greater decrease in their QOL from pretreatment to immediate posttreatment could have implications for clinicians treating these patients. Studies have shown associations between QOL and mood disorders, such as anxiety and depression, in patients with head and neck cancer. 14, 15 Because of their significant decrease in QOL from pretreatment to immediate posttreatment, patients with high-risk HPV-associated OSCC may be at greater risk for mood disorders and may require closer monitoring as they recover from treatment.
To our knowledge, this is the only study to examine the association between HPV status and QOL in patients with OSCC. In addition, unlike many studies on QOL in patients with HNSCC, we collected QOL data both before and after treatment, allowing us to compare QOL scores at various time periods as well as the change in QOL scores. There were limitations to this study, however. First, as with any observational study, causal relations between HPV status and QOL cannot be made. In addition, patients who completed QOL questionnaires were well enough to respond. Some patients were missing QOL data at certain time points, which could be biasing the results. Most patients in this study were white. Therefore, our results may not be representative of more diverse populations of OSCC patients.
In conclusion, the most important finding in our study is that patients with high-risk HPV-associated OSCC did not have better 1-year QOL compared with other OSCC patients. Although patients with high-risk HPV-associated oropharygeal tumors have been shown to have greater response to treatment, it is interesting that the clinical features of these tumors (ie, heavier nodal burden) mandates intensification of therapy, which may account for some of our findings. For this reason, further work exploring the interplay of HPV status, QOL, and survival is warranted. Treatment deintensification has been suggested for patients with high-risk HPVassociated oropharyngeal squamous cell carcinoma since they are younger and have better survival than other patients with OSCC. 16 This is currently being explored in ongoing clinical trials. If patients with high-risk HPV-associated oropharyngeal cancers can be treated with less morbid therapies without affecting survival, improved QOL may be realized. The current study illustrates the importance of determining HPV status of specimens from patients with OSCC and exploring treatment deintensification for HPV-associated oropharyngeal cancers. Doing so may optimize both survival and QOL trajectories in this unique patient population. One-year posttreatment: data collected 9 to 15 months after treatment started. conception and design, acquisition of data, interpretation of data, revising the article, final approval of the version to be published; Pawadee Lohavanichbutr, acquisition of data, interpretation of data, revising the article, final approval of the version to be published; John Houck, acquisition of data, interpretation of data, revising the article, final approval of the version to be published; David R. Doody, analysis and interpretation of data, revising the article, final approval of the version to be published; Neal D. Futran, acquisition of data, revising the article, final approval of the version to be published; Melissa P. Upton, acquisition of data, interpretation of data, revising the article, final approval of the version to be published; Stephen M. Schwartz, conception and design, interpretation of data, drafting and revising the article, final approval of the version to be published; Chu Chen, conception and design, acquisition of data, interpretation of data, drafting and revising the article, final approval of the version to be published.
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